The in vivo micronucleus assay can be analyzed by comparing the number ofmicronuclei (MN) ofseveral dose groups with those ofa control group. In several publications, difficulties arose inestiatingsuitable distribution for MN, even in the untreated historical control groups. Mitchell et al. described the presence of a subpopulation of more susceptible responders. Based on this assumption of such a subpopulation, score tests were used for the mixing distribution of responders and nonresponders (behavior same as in untreated control animals) within the dose groups. The power behavior of these tests was characterized with a simulation study. The advantage of score tests can be shown, even in the practical and important guideline case of only five animals per group.
Introduction
The statistical analysis of the ifl vivo micronucleus assay is based on significance tests for the differences between the numbers of micronucleated polychromatic erythrocytes (MN) in the control group and several dose groups. In several publications, difficulties arose in estimating a suitable distribution ofthe MN, even for the untreated case of historical control groups: a) Amphelett and Delow (1) (6) explained the variation in the MN data. A theoretical background can be derived from the genetically based polymorphism in mammalian P-450 xenobiotic metabolizing enzymes (7) . Another explanation is based on heritable strain differences in MN induced by polycyclic aromatic hydrocarbons (8) . In 
where p is the proportion of nonresponders, (l-p) is the proportion of responders and p is assumed unknown.
Two types of Lehmann alternative will be considered here: shift * Fpatho(z) = G(x - 6) according to Good (13) and power *e Fp,,ti() = G"(:x) according to Lehmann (12) . Johnson et al. (14) suggested approximate score statistics for the shift alternative based on the following mixed normal score function:
where d is a constant (in the simulation study reported below, d=0.5,1,1.5,2 were used; here, only the case d=1 will be reported) and 4) is the distribution function ofthe standard normal distribution.
Conover and Salsburg (15) proposed the following approximate score function for the power alternative, as a generalizaton of Wilcoxon-Mann-Whitney (WMW) scores:
where i is the rank in the combined (x+y) sample, a is an integer constant (in the simulation study a=3,4,5,6 were used; here, only the case a=4 will be reported. In toxicology, tests based on this mixing distribution assumption have ben used for behavioral studies (16) , teratological studies (17) , sister chromatid exchange (I), and chronic studies (18) .
Simulation Study
In a simulation study, two questions will be addressed: a) Is the assumption of such a mixing distribution a suitable approach for analyzing data from the micronucleus assay? b) Can we observe an increase in power (e.g., in relation to the commonly used WMW U-test), even in the guideline case considered here where nj only equals 5?
The empirical distribution shown in Table 1 [(3) which approximates negative binomial distribution] was generated for the control groups using a PC program. Plwer estimations (based on The question that arises is whether increasing the number of animals up to 10 will give clear advantages of the score tests. Table 3 presents the related power estimations. For small and medium shift parameters, the increase in power ofthe score tests is higher in relation to the small sample size situation.
The power behavior dependent on the proportion of nonrespondersp is given in Table 4 . The micronucleus assay sometimes represents a "control versus k dose groups design" for a one-sided, ordered alternative hypothesis (because only increasing MNs with increasing doses are considered biologically significant). Based on the twosample tests described above, a simple a priori ordering procedure (20) can be used in this case.
An Example
Experimental data from Kliesch et al. (21) were used for a micronucleus assay on mice, 24 hr after singleperos treatment of methyl methane sulfonate (MMS) ( Table 5) . Results of the biostatistical analysis are shown in 'Thble 6. This example shows the greater sensitivity for the contrast between the control group and dose group 10 for both the Fisher permutation test and the score test.
Conclusions
From the results presented here, one can conclude that the choice ofstatistical method for the analysis ofmicronucleus assay data when MN is increasing relative to controls is not critical at the commonly used level of a=0.05. However, a suitable choice of test is necessary for small or medium-sized increases in numbers of MN. This is applicable, for example, in the case of the no-observed-effect dose estimation. With a simulation study, based on an empirical negative binomial distribution of MN and a shift alternative, an advantage in the power behavior ofselected score tests assuming a mixing distribution of responders and non-responders is evident, even for the guideline case nj=5, a 20.05, p > 0.1, and a medium-sized shift between dose and control groups.
